Context: Low birth weight (LBW; ,2500 g) is linked to the development of insulin resistance and limbic-hypothalamic-pituitary-adrenal (LHPA) axis hyperactivity.
L ow birthweight (LBW; ,2500 g) is a crude marker of a compromised intrauterine environment and has consistently been associated with insulin resistance and an increased risk of type 2 diabetes (T2D) in adult life (1) . However, the exact mechanisms responsible for these changes remain unknown.
The "thrifty phenotype hypothesis" (2) suggests that fetal stress or insufficient fetal nutrition induce physiological adaptations to rescue fetus survival and to prepare its organism for a hostile postnatal environment. Such adaptations, however, might simultaneously increase the risk of various metabolic and neurocognitive disturbances in adult life (2, 3) .
Findings from both humans and animals have indicated that LBW can cause disturbances in the limbichypothalamic-pituitary-adrenal (LHPA) axis regarding both diurnal and stress-related homeostasis, resulting in overall greater circulating levels of cortisol (4) (5) (6) . Overexposure to corticosteroids is known to impair tissue insulin sensitivity (7); hence, LHPA axis hyperactivity might be an important factor in the development of insulin resistance and T2D in adult subjects born with LBW (5) .
Magnetic resonance imaging (MRI) studies of children and adults with LBW have revealed changes in limbic structures such as the hippocampus, thalamus, and prefrontal cortex (8) (9) (10) , which are key limbic organs known to be involved in LHPA axis regulation (11, 12) . These studies, however, did not assess LHPA axis function, and it remains unknown whether structural limbic changes are directly related to neuroendocrine disturbances within the LHPA axis.
LHPA axis hyperactivity has been related to major depressive disorder, and in these patients, treatment with a selective serotonin reuptake inhibitor (SSRI) has been found to downregulate LHPA axis tonus (13, 14) and improve insulin sensitivity (15, 16) . Furthermore, in LBW rats characterized by LHPA axis hyperactivity and whole body insulin resistance, we have previously shown that 4 to 5 weeks of escitalopram treatment led to complete normalization of LHPA axis regulation and whole body insulin action (17, 18) . Similar studies, however, have not yet been conducted in humans with LBW.
The primary aim of the present investigation was to study the limbic brain structures, LHPA axis function, and insulin sensitivity in young men with LBW vs young men with normal birthweight (NBW; part 1, the LBW phenotype study). Our secondary aim was to assess the effects of escitalopram or placebo on the LHPA axis and insulin sensitivity in LBW subjects (part 2, the LBW trial). For part 1, we recruited 40 healthy LBW men and 20 NBW men matched by body mass index (BMI), age, and physical activity. After completion of part 1, all 40 LBW subjects were enrolled in a randomized double-blinded trial with 3 months of treatment with escitalopram (20 mg/d) or placebo, followed by a complete reexamination (part 2). In both part 1 and part 2, we examined LHPA axis regulation (24-hour plasma profiles), limbic brain morphology (MRI), and insulin sensitivity (hyperinsulinemic euglycemic clamp).
Materials and Methods

Participants
We identified and recruited 40 male LBW subjects (,2500 g) born at term through the Danish Birth Register. We prospectively recruited and matched 20 male subjects with NBW (3500 to 4500 g) at term, matched by age, BMI, and physical activity, using local and national advertising. All 60 subjects were young, healthy, and nonsmokers. They were also lean (BMI ,25 kg/m 2 ), received no medication, had no history of depression, and no first-degree relatives with T2D. All participants were white, and the parents of the subjects were of normal height (father $170 cm, mother $160 cm).
Study design
The present investigation consisted of two studies: the LBW phenotype study (part 1) and the LBW trial (part 2). The complete experiments (parts 1 and 2) were performed from March to September to minimize any seasonal variations.
In part 1, the LBW and NBW subjects were examined at two different visits, 1 week apart. Both visits lasted for 2 days and included 2 overnight stays. All visits were initiated by an overnight stay at the clinic before the experiments to acclimatize the participants to the hospital environment. All participants received standardized meals at every visit (at 8:30 AM, 12:30 PM, and 6:30 PM) and were asked to abstain from alcohol use and strenuous physical activity for 4 days before each visit.
In part 2, after completion of part 1, all LBW subjects were randomized to receive double-blind treatment with placebo or escitalopram for 3 months. The dosage was 10 mg/d for week 1 and escalated to a final dose of 20 mg/d at week 2. After 3 months of intervention (placebo 101.2 6 1.8 days, escitalopram 102.1 6 1.9 days), all LBW participants were reexamined. All reexamination procedures and visits were performed identically to those conducted at baseline in part 1. Telephone consultations were performed after 1, 2, 4, 8, and 12 weeks to monitor for adverse events and determine drug adherence. The randomization code (generated and kept by the hospital pharmacy) was not unblinded until after the last Good Clinical Practice (GCP) audit and after the last visit of the last patient. The primary endpoints were changes in maximal insulin-stimulated glucose turnover (Rd max ), submaximal insulin-stimulated glucose turnover (Rd submax ), and plasma-free cortisol 24-hour area under the curve (AUC).
Study approval
All participants submitted written informed consent before study inclusion. The study was executed in accordance with the GCP guidelines and the Declaration of Helsinki, monitored by the local GCP unit at Aarhus University Hospital, and approved by the regional ethical committees, the Danish Health and Medicines Authority, and the Danish Data Protection Agency (approval no. EudraCT 2008-004521-42; ClinicalTrials.gov identifier, NCT00971815).
LHPA axis function
The diurnal LHPA axis activity was evaluated using 24-hour plasma profiles of adrenocorticotropic hormone (ACTH) and cortisol, with blood samples taken using an intravenous catheter at 8:00 AM, 11:00 AM, 2:00 PM, 5:00 PM, 8:00 PM, 10:00 PM, 11:00 PM, 12:00 AM, 2:00 AM, and 5:00 AM. Corticosteroidbinding globulin (CBG) was detected to calculate the plasma concentrations of free cortisol according to Coolens equation, assuming constant CBG levels (19) . The total 24-hour AUC was calculated using the trapezoid method (20) . Cortisol was measured by the Clinical Biochemical Department, Aarhus University Hospital, using an electrochemiluminescence immunoassay [Cobas 6000 Analyzer; Roche, Hvidovre, Denmark; coefficient of variation (intermediate precision) 3 .3%]. CBG and ACTH were analyzed using commercial enzyme-linked immunosorbent assay kits EIA-3647 (DRG Instruments GmbH, Marburg, Germany) and RD19223400R (Biovendor, Brno, Czech Republic).
Hyperinsulinemic euglycemic clamp
Clamps were initiated by primed (20 mCi) continuous infusion (0.20 mCi/min) of D-[3-3H] glucose for 2 hours to assess the basal glucose turnover. Next, glucose turnover was assessed at both submaximal (insulin infusion rate 0.3 mU/kg/min; Actrapid; Novo Nordisk A/S, Bagsvaerd, Denmark) and maximal (1.0 mU insulin/kg/min) insulin stimulation, with a duration of 2 hours for each of the two stages. Plasma glucose was maintained during insulin stimulation at 5.0 mM using variable 20% glucose infusion. At submaximal insulin stimulation, D-[3-3H] glucose tracer was added to the infused glucose (;100 mCi/500 mL 20% glucose) to estimate the rate of endogenous glucose production (EGP) and rate of glucose disappearance (Rd) using the Steele correction for nonsteady state (21) . The basal hepatic insulin sensitivity index (HSI) was calculated as described by Miyazaki et al. (22) . Plasma glucose levels were analyzed in real time using a YSI 2300 analyzer. Steady-state plasma insulin levels were assessed after clamp using a time-resolved fluoroimmunoassay (Perkin Elmer, Skovlunde, Denmark). Serum-specific activity of D- [3-3H] glucose was measured using a beta counter (TRi-Carb 2910 TR; Perkin Elmer).
Body composition and MRI lipid spectroscopy
The body weights and waist/hip ratios were measured by trained laboratory staff. The whole body fat content and distribution were evaluated using the same dual energy x-ray absorptiometry scanner for all subjects and visits (Hologic Discovery W; Hologic Inc., Waltham, MA).
The intrahepatic lipid (IHL), intramyocellular lipid (IMCL) and extramyocellular lipid (EMCL) content of the proximal part of the right anterior tibial muscle was examined with 1 H-MRI spectroscopy using a Signa Excite 1.5T twin speed scanner (GE Medical Systems, Milwaukee, WI) (23) . Four muscle spectra were omitted because of technical problems (1 control subject and 3 LBW subjects). The mean full width at half maximum was 12.0 6 0.1 Hz. The LCModel, version 6.2.1, was used to fit the individual lipid spectra and calculate the lipid/ water ratio (24).
Brain MRI
MRI T1-weighted brain images were acquired with a threedimensional spoiled gradient recalled scan sequence and an eight-channel, high-resolution brain coil using the following parameters: echo time, 6 ms; repetition time, 22 ms; flip angle, 30°; slice thickness, 1.3 mm; number of slices, 120 to 126; field of view, 26 to 28 cm, and acquisition matrix, 192 3 192. Two brain scans were omitted because of poor image quality (1 LBW subject and 1 control subject). The images were processed with automated segmentation using an 386-based workstation installed with CentOS, version 6.4, 64-bit operating system, and FreeSurfer, version 5.3 (available at: http://surfer.nmr.mgh. harvard.edu) (25) (26) (27) . The ventromedial prefrontal cortex (vmPFC) was defined as the sum of the medial and lateral orbitofrontal cortex (28) . Longitudinal analysis was performed according to Reuter et al. (29) .
Physical activity
Physical activity was assessed using the self-reported physical activity questionnaire (30) , which was further validated in a subgroup of 11 NBW and 27 LBW men using triaxial accelerometry (ActiGraph GT3X). The total number of steps in 24 hours correlated linearly with the total self-reported physical activity questionnaire score (r = 0.54; P , 0.001).
Statistical analysis
Differences between the LBW and NBW subjects were tested using either an unpaired t test or the nonparametric Wilcoxon (Mann-Whitney) rank sum test according to the distribution. In part 2, group delta values (baseline vs after treatment) were analyzed using unpaired tests. The Pearson correlation test was applied to linear correlations. The STATA ® /IC 11.2 statistical software package was used for statistical analysis. P values , 0.05 were considered statistically significant.
Results
Subject characteristics
The LBW subjects were 8.8 6 1.8 cm shorter and weighed 6.61 6 2.15 kg less than the NBW subjects (Table 1) . No differences were found in the BMI, age, or physical activity between the two groups. The LBW men exhibited a trend toward a greater waist/hip ratio (P = 0.06) and had a statistically significant greater total fat percentage (P = 0.03) and trunk fat/total fat ratio (P , 0.01). MR spectroscopy revealed statistically significantly greater IHL content level in LBW vs NBW men (P , 0.01). In contrast, no differences were found in IMCL or EMCL content. Escitalopram vs placebo in the LBW subjects did not change body composition, IHL content, muscular lipid levels, or physical activity.
LHPA axis characterization
In part 1, the 24-hour plasma hormone profiles (Fig. 1A  and 1B ) revealed a substantial elevation at 5:00 AM for plasma levels of free cortisol (39.4 6 4.0 vs 19.8 6 3.4 nmol/ L; P , 0.001) and ACTH (37.3 6 4.0 vs 26.3 6 2.4 pg/mL; P = 0.02) in LBW vs NBW subjects. Although the CBG levels were slightly decreased in LBW vs NBW men (22.9 6 0.5 vs 24.8 6 0.6 mg/mL; P = 0.03), the difference for the 5:00-AM free cortisol level was primarily caused by a large increase in total cortisol (315.1 6 22.1 vs 209.9 6 23.6 nmol/L; P , 0.01). Accordingly, the 24-hour AUC of free cortisol (575.5 6 24.1 vs 480.5 6 32.5 nmol/L/h; P = 0.03) was 19.8% 6 8.6% greater in the LBW than in the NBW subjects (Fig. 1C) , a difference that predominantly seemed driven by the 5:00 AM difference. No statistically significant difference was found in the ACTH AUC over 24 hours (P = 0.75). The plasma levels of free cortisol in our data set were not related to the total or truncal fat content; hence, the differences seen remained statistically significant after adjustment for differences in whole body fat content (data not shown).
In part 2, treatment of LBW with escitalopram vs placebo normalized the levels of ACTH and cortisol and led to marked reductions in 5:00 AM levels of both free cortisol (221.5 6 5.1 vs 24.6 6 6.3 nmol/L; P = 0.04), total cortisol (2107.9 6 30.3 vs 212.6 6 35.7 nmol/L; P = 0.04) and ACTH (220.6 6 5.7 vs 1.8 6 3.1 pg/mL; P = 0.002; Table 2 ). Escitalopram vs placebo did not alter plasma CBG (P = 0.93). The 24-hour AUC of ACTH (284.6 6 28.5 vs 5.1 6 20.6; P = 0.02), but not free cortisol, also decreased statistically significantly with escitalopram vs placebo (2274.5 6 190.2 vs 2111.1 6 211.6 pg/mL; P = 0.57).
Assessments of insulin sensitivity
In part 1, the LBW and NBW men displayed comparable fasting plasma glucose levels (5.03 6 0.08 vs 5.09 6 0.05 mM; P = 0.47), although the LBW subjects exhibited statistically significant greater fasting insulin levels (36.4 6 2.0 vs 27.0 6 1.7 pmol/L; P , 0.001). The Data presented as mean 6 standard error of the mean, unless otherwise indicated.
Abbreviation: ICV, intracerebral volume. a Non-Gaussian variables presented as median (interquartile range).
b Self-reported physical activity questionnaire score.
c Estimated from dual energy x-ray absorptiometry scans.
d All measures of limbic brain morphology (except for total ICV) were adjusted for total estimated ICV before statistical analyses; p values shown are from unpaired t tests. The found differences in left vmPFC surface area and left thalamus volume remained statistically significant after conservative Bonferroni correction of multiple comparison (data not shown); in contrast, the difference in right vmPFC surface area was no longer statistically significant (P = 0.016; a level = 0.005).
average steady-state insulin levels during the clamp were also slightly greater in the LBW group at both submaximal (130.4 6 3.6 pM vs 105.5 6 4.7 pM; P , 0.001) and maximal insulin stimulation (402.8 6 9.5 pmol/L vs 335.9 6 12.1 pmol/L; P , 0.001; Fig. 2 ). Because the insulin infusions were performed according to body weight; this difference might be ascribed, in part, to relatively more fat vs lean mass in the LBW vs NBW subjects. Nevertheless, despite higher steady-state insulin levels at both stage 1 (;23.5%) and stage 2 (;19.9%) in the LBW vs NBW groups, the glucose infusion rates at each stage were lower in the LBW vs NBW men (P , 0.05 and P , 0.01, respectively; Fig. 2 ), and the Rd estimates were significantly lower statistically in the LBW men (Rd submax , 3.51 6 0.14 vs 4.17 6 0.25; P = 0.01; Rd max , 9.21 6 0.30 vs 10.47 6 0.31; P = 0.01; Fig. 3A ). Furthermore, when the rates of glucose disposal were adjusted for higher steady-state insulin levels (Rd/insulin ratio; Fig. 3A ), the differences seen in LBW vs NBW groups became even more pronounced. Together, these data strongly indicate the presence of peripheral insulin resistance in the LBW phenotype. Regarding the rates of EGP, we were unable to detect any differences between the LBW vs NBW groups, neither in the basal nor in the submaximally insulin-stimulated state (Fig. 3B) , and no difference was found in the insulinmediated relative suppression of EGP (data not shown). However, the HSI was significantly lower statistically in the LBW vs NBW men [5.60 6 0.37 vs 7.06 6 0.60 (mg/ kg/min) 3 pmol/L 3 10
24
; P = 0.03], suggesting that hepatic insulin resistance might have been overlooked in our clamp experiment owing to the higher insulin levels.
In addition to these findings, the 20 LBW subjects with 5: 00 AM free cortisol greater than the median (60.2 6 3.6 nmol/ L) had a statistically significant lower Rd at submaximal insulin stimulation (3.16 6 0.14 vs 3.85 6 0.21 mg/kg/min; P , 0.01) and a lower basal HSI (4.53 6 0.36 vs 6.67 6 0.55 [10,000/(mg/kg/min) 3 pM]; P = 0.002) compared with the 20 LBW subjects with a 5:00 AM free cortisol less than the median (19.5 6 2.8 nmol/L), suggesting even more pronounced insulin resistance in the LBW subjects with the highest free cortisol levels. No differences were found in age, BMI, truncal fat percentage or physical activity between these two subgroups of LBW individuals (data not shown).
In the clamps performed in part 2 on LBW subjects exposed to either escitalopram or placebo, respectively, the insulin levels were the same (data not shown). Treatment with escitalopram vs placebo significantly increased (with statistical significance) the Rd submax and Rd submax /insulin ratio in LBW subjects at submaximal insulin stimulation by ;24% and ;20% (23.9% 6 8.4% vs 3.7% 6 5.2%, P = 0.04; 20.1% 6 9.1% vs 23.4% 6 4.9%, P = 0.03; Table 2 ). Although a trend was detected, no statistically significant effect of escitalopram vs placebo on the Rd max or Rd max /insulin ratio was obtained during maximal insulin stimulation (7.3% 6 4.9% vs 23.9% 6 3.9%, P = 0.08; 6.9% 6 6.3% vs 26.5% 6 5.8%, P = 0.12).
Limbic brain morphology
LBW vs NBW subjects (part 1) were characterized by marked reductions in the volume of the left thalamus (8.2% 6 2.9%; P , 0.01) and surface areas of both left (6.8% 6 2.3%; P , 0.01) and right (4.9% 6 2.0%; P = 0.02) vmPFC (Table 1) . These specific limbic measures further correlated inversely with the plasma levels of 5:00 AM free cortisol ( Fig. 4A-4C ; left thalamus volume, r = 20.37, P = 0.02; right vmPFC surface area, r = 20.39, P = 0.02; left vmPFC surface area, r = 20.41; P = 0.01). The correlations with 24-hour free cortisol AUC were much weaker and statistically nonsignificant (data not shown). However, no differences were found between the LBW and NBW subjects in the volumes of the right thalamus, amygdalae, or hippocampi (Table 1) .
In the LBW subjects exposed for 3 months to escitalopram vs placebo (part 2), longitudinal analyses could not reveal any statistically significant changes in the Data presented as mean 6 standard error of the mean, unless otherwise indicated.
Abbreviation: basal, fasting conditions; ICV, intracerebral volume; max, maximal insulin stimulation (e.g., 1.0 mU/kg/min); submax, submaximal insulin stimulation (e.g., 0.3 mU/kg/min). a Absolute changes, unless otherwise indicated.
c Non-Gaussian variables presented as median (interquartile range).
cortical volumes, subcortical volumes, or surface areas ( Table 2 ).
Discussion
In part 1 of our investigation (LBW phenotype study), we found that young LBW men compared with the matched NBW controls exhibited an ;20% increment in 24-hour free cortisol AUC, primarily driven by a prominent increase in the early morning/late night (5:00 AM) plasmafree cortisol with an equivalent increase in plasma ACTH levels. In humans, the limbic brain structures such as the hippocampus, amygdala, and vmPFC and the dorsal, anteroventral, and paraventricular nuclei of the thalamus are known to be involved in the intrinsic regulation of both circadian rhythms and the reactivity of the LHPA axis (11, 12) . Moreover, the thalamus seems to play an important role in the adaptive stress response (31), at same time, modulating both diurnal and stress-related hypothalamic release of corticotrophin-releasing hormone (32) . We detected reductions in the volume of the left thalamus and the surface areas of the left and right vmPFC. These specific limbic measures further correlated inversely with elevated 5:00 AM free-plasma cortisol levels but not with the 24-hour cortisol AUC. Hence, it appears that the limbic changes were primarily linked to late nighttime hyperactivity of the LHPA axis rather than 24-hour LHPA axis hyperactivity. Furthermore, as glucocorticoids stimulate lipolysis, our present finding of a specific increase in late night cortisol could be in line with a report by Reuter et al. (29) demonstrating diurnal differences in the rates of lipolysis, with greater rates during the night than during the day in young LBW men. Moreover, although LHPA axis disturbances previously have been reported in LBW subjects (4, 5, 18) , to the best of our knowledge, the present study is the first to provide evidence that LHPA axis hyperactivity in LBW individual might be attributable to structural anomalies within key limbic organs such as the thalamus and vmPFC.
Glucocorticoids are known to cause insulin resistance in skeletal muscle tissue (7), and the present LBW subjects displayed peripheral insulin resistance with lower rates of glucose disappearance (Rd) at both submaximal and maximal insulin stimulation. Moreover, insulin resistance was substantially worse in those LBW men within the upper half of the range of 5:00 AM free cortisol levels. Hence, based on our findings from part 1, it would be tempting for us to hypothesize that a causal relationship might exist between LHPA axis hyperactivity and insulin resistance in LBW individuals.
Although lipid accumulation in skeletal muscle tissues has been associated with insulin resistance (33), the insulin-resistant LBW vs NBW men did not display any increases in either IMCL or EMCL content. A similar disassociation between muscle fat and muscle insulin action has been reported by Dufour and Petersen (34) in LBW humans. A possible explanation for this might be that glucocorticoids seem to both stimulate intramyocellular lipolysis and inhibit lipogenesis (35) , thereby potentially minimizing lipid accumulation in muscle tissue despite increased whole body fat content.
Both basal and insulin-stimulated EGP rates and the relative degree of insulin-mediated EGP suppression were comparable between LBW and NBW subjects. Nevertheless, it is likely that the hepatic insulin sensitivity was overestimated in the LBW men owing to the greater insulin levels during the clamp. Hence, we decided, in addition, to calculate the basal HSI (22) , a validated alternative measure of hepatic insulin action. The basal HSI was substantially lower in the LBW than in the NBW men. In addition, we found increased levels of IHL content in the livers of the LBW compared with the NBW subjects, a finding that consistently has been linked to hepatic insulin resistance (36) . Hence, overall, the presented data could still be in support of previous findings of liver insulin resistance in humans with a LBW (37).
In part 2 of our investigation (the LBW trial), the LBW subjects were treated with escitalopram or placebo for 3 months in a randomized and double-blind manner. The intervention with escitalopram was capable of normalizing the plasma levels of 5:00 AM free cortisol and ACTH and, at the same time, vastly improving peripheral insulin sensitivity by ;24% as measured at submaximal insulin stimulation. However, insulin responsiveness at maximal insulin stimulation was only slightly improved without reaching statistical significance. Furthermore, these improvements in insulin action and LHPA axis homeostasis were not related to changes in body composition or physical activity.
Similar beneficial effects with SSRI compounds on the LHPA axis and insulin action have been reported by us in a previous study performed on LBW rats (18) and by others of patients with major depressive disorder (15) . In addition, Breum et al. (38) demonstrated that SSRI treatment of obese patients with T2D improved glycemic control independently of weight loss. The investigators speculated that the insulin-sensitizing effect might have resulted from upregulation of glycogen synthase activity in skeletal muscle. This is an interesting view, because it has been shown that cortisol exposure of skeletal muscle tissue leads to insulin resistance, accompanied by a marked reduction in glycogen synthase activity (39) . Thus, it can be speculated further that the beneficial effects of SSRI treatment in the study by Breum et al. (38) might have resulted from reduced cortisol exposure, although this was not measured.
Although a direct beneficial effect of escitalopram on muscle tissue insulin action could not be ruled out, data are available that speak against this notion. First, a previous study reported that serotonin receptor activation in human skeletal muscle had no effect on insulinmediated glucose uptake (40) . Second, in pilot studies, we have previously seen that the effects of escitalopram regarding insulin action were highly phenotype dependent, with a negative effect on glucose metabolism (and the LHPA axis) in NBW rats, despite positive effects in LBW rats (18) . Together, these data speak against the idea that escitalopram exerts a direct insulin-sensitizing effect on the peripheral tissues via local serotonin receptor activation.
Escitalopram exposure did not completely restore insulin action in LBW subjects. However, escitalopram exposure also failed to improve the adverse body composition and fatty liver seen in LBW subjects. These remaining negative metabolic defects seen after normalization of cortisol levels might contribute to the residual insulin resistance. Nevertheless, when the positive metabolic and neuroendocrine effects of escitalopram seen in the LBW trial (part 2) are considered with the findings of insulin resistance and increased free cortisol levels in the LBW phenotype study (part 1), our results indicate that escitalopram improved insulin action in LBW subjects via a reduction in cortisol. Hence, the findings from part 2 provide further support for our hypothesis that hypercortisolemia might play an etiological role in the development of insulin resistance in LBW subjects.
In conclusion, we have presented evidence that young men born with LBW exhibit morphological changes within key components of the limbic system that are linked to increased late night or early morning secretion of ACTH and cortisol. Furthermore, the presented data suggest that these neuroendocrine changes might, at least in part, be causally associated to the development of peripheral insulin resistance. Finally, the present investigation has shown that an SSRI compound can be used to reverse LHPA axis hyperactivity and ameliorate peripheral insulin resistance in LBW humans. Hence, compounds ameliorating insulin resistance by targeting defects in the LHPA axis could be clinically useful for reducing the risk of T2D in individuals born with a LBW.
